stenosis. In addition, in most instances, the patients had electrocardiographic evidence of left ventricular hypertrophy with or without S-T and T wave changes. Symptoms of chest pain, syncope, or fatigue were also present in an appreciable number of instances. These clinical features were, in fact, the basis for selecting subjects for left heart catheterization from the larger group of children with a clinical diagnosis of aortic stenosis. Table I shows the anatomical situation as encountered at operation. There were 37 instances where the aortic valve lesion was the only intracardiac anomaly. About two-thirds of the patients had valvar and one-third had subvalvar stenosis. Five of these had associated coarctation of the aorta, and three additional patients had had a patent ductus arteriosus divided earlier in life. The remaining 5 patients had associated intracardiac anomalies as described in Table I . SURGICAL 
MORTALITY
The total mortality was 6, representing 14 per cent. Two deaths were in critically ill infants aged 6 weeks and 2 months respectively. One patient had endocardial fibroelastosis; one had mitral valve disease with parietal endocardial sclerosis and a further death was in a patient with a hypoplastic aortic valve and ascending aorta.
The sixth death occurred in a 6-year-old boy who had a bicuspid aortic valve with fusion along the two commissures and, in addition, a subvalvar stenosis. It was felt at the time of surgery that little had been achieved. Post-operatively he did not recover consciousness and died on the eighth post-operative day. Autopsy revealed, in addition to the residual severe subvalvar aortic stenosis, a subdural hemorrhage, ischemic nephrosis, and terminal bronchiolitis.
POST-OPERATIVE PROGRESS
Of the 36 survivors, 2 patients had generalized hypoplasia of the aortic arch and aortic valve; no surgical correction was possible in these two and thus they will not be considered in the survey of post-operative results. Eleven of the remaining 34 patients had subvalvar stenosis and in 23 the stenosis was valvar.
In assessing the post-operative status of these 34 patients the following parameters were considered: (1) symptomatology, (2) heart size, (3) development of aortic regurgitation, (4) electrocardiogram, and (5) left heart catheterization. The minimum follow-up was 9 months, the maximum 31 years with an average of 17 months.
In Fig. 1 the post-operative changes in symptomatology, heart size, and aortic regurgitation are presented in both the valvar and subvalvar groups.
The pre-operative symptoms were, on the whole, mild, consisting of minimal dyspncea and easy fatigueability. However, chest pain, which was in no case typical of angina, was present in 5, and 2 further patients had had syncopal attacks. There was a relief of symptoms in most of the patients in the valvar group and in some of the cases with subvalvar stenosis.
Cardiac enlargement was usually slight to moderate in both groups and so far the heart size seems little affected by operation. with mild strain is defined as minor T wave and S-T segment abnormalities confined to V5 and V6. Left ventricular hypertrophy is considered to be present if the voltage in the left ventricular leads exceeds the maximum of our own normals (Alimurung et al., 1951) . Pre-operatively all the patients had an abnormal electrocardiogram; slightly less than half of the valvar and more than half of the subvalvar group showed evidences of severe strain. Post-operatively 4 of the patients in the valvar group had a normal electrocardiogram. None of the subvalvar group has returned to normal at the time of the writing of this paper. Furthermore, now only 3 of the patients with valvar stenosis still show severe electrocardiographic changes and, incidentally, all of these are Seven patients with valvar stenosis and 6 patients with subvalvar stenosis have had right and left heart catheterizations one year after operation. Table II and Table III In the valvar group the gradient has been completely abolished or is trivial in 4, and in 3 has been little affected; of these 3, 2 had bicuspid aortic valves.
In the subvalvar group 4 patients have had the gradient completely abolished and in 2 there has been little change. Summarizing the relationship between the post-operative gradient and the post-operative electrocardiogram (Table IV) , we found that of the 4 patients with subvalvar stenosis who had had their gradient completely abolished by surgery, only one had shown any cardiographic improvement and this was after a delay of 30 months. By contrast in the valvar group, there was good correlation between the post-operative cardiogram and the post-operative gradient in all but 1 of the 7 patients.
DISCUSSION
About one-half of our patients with a clinical diagnosis of congenital aortic stenosis have been subjected to left heart catheterization. These patients either had electrocardiographic evidences of left ventricular "strain" or had symptoms (chest pain, fatigue, syncope) referable to aortic stenosis. These criteria for left heart catheterization were based on the findings of Reynolds et al. (1960) , that sudden death due to aortic stenosis may occur either in subjects with severe electrocardiographic changes or even in the absence of such if symptoms are present. Analysis of recent reports (Kjellberg et al., 1955; Marquis and Logan, 1955; Downing, 1956; Braverman and Gibson, 1957; Morrow et al., 1958; Ongley et al., 1958) revealed an over-all mortality of 7 5 per cent out of 306 children with congenital aortic stenosis. In practically every one of these fatalities there was either left ventricular hypertrophy with strain or symptoms present. We feel, then, that although the cardiogram, as a sole criterion of severity, cannot be depended upon in a negative sense, if used in conjunction with symptomatology, patients may be correctly selected for left heart catheterization.
The selection of patients for surgery has been based upon the demonstration of a peak systolic gradient across the aortic valve of more than 50 mm. Hg or a mean systolic ejection gradient of more than 30 mm. Hg. We have regarded a calculated valve area of less than 0 5 square centimetres per square metre as an indication for surgery, a figure similar to that suggested by Dexter et al. (1958) and Morrow et. al. (1958) . Where a patent ductus arteriosus has been present we have interpreted the degree of stenosis with regard to the increased flow through the aortic valve. Using these criteria, we found that about one-half of our patients selected for cardiac catheterization had lesions severe enough to warrant operative intervention. At operation every one of the patients was found to have significant aortic obstruction. We may thus state that the hemodynamic criteria outlined signify the presence of severe aortic stenosis.
A small number of the remaining one-half proved to have trivial obstruction (less than 20 mm. Hg peak systolic gradient): these are being followed at infrequent intervals. The remaining patients with a moderate gradient are being followed carefully with clinical and electrocardiographic reviews at six-monthly intervals: the parents of the latter group of patients have been warned that surgery may be indicated in the future.
It seems then that the criteria for patient selection for operation are valid. The indications for left heart catheterization are probably too broad since only half of the individuals subjected to this procedure proved to have critical stenosis. At the same time, since no other criteria for patient selection exists at the moment, we would prefer to study some children without severe stenosis rather than overlook one who would need surgical intervention. Of course we do not know whether some children not meeting the criteria for left heart catheterization may also have severe stenosis, but we are not aware of sudden death in any of a large number of patients with clinically mild aortic stenosis by our pre ent criteria within the past 10 years.
Where there has been a coexistent coarctation of the aorta we have electively relieved the more severe obstruction first. If the two lesions have seemed of equal severity, we have relieved the aortic stenosis first to avoid the stress of surgery on a heart with possibly compromised coronary flow.
In attempting to establish the diagnosis of subvalvar stenosis pre-operatively, we have only obtained the typical withdrawal tracing across the obstructed area in 5 out of 11 cases. Clinical features which we have found helpful in determining the site of the stenosis pre-operatively have been the absence of a systolic ejection click and the presence of an aortic diastolic murmur in most cases of aortic subvalvar stenosis. We have not found analysis of the second heart sound or the configuration of the systemic arterial pressure pulse useful, as suggested by Brofman and Feil (1952) .
Although the differentiation of organic valvar and subvalvar stenosis from functional obstruction of the left ventricular outflow tract does not fall strictly within the framework of the present publication, we feel it is a diagnostic problem of prime importance. The salient points suggesting a diagnosis of "functional" aortic stenosis are: (1) family history (Brent et al., 1960) ; (2) late appearance of the murmur; (3) sharp upstroke in the carotid artery tracing in the face of haemodynamically severe aortic stenosis (Brent et al., 1960) ; (4) a notch on the upstroke of the left ventricular tracing corresponding to the peak systolic pressure in the aorta, (5) the behaviour of the systemic arterial pressure pulse after premature beats (Brockenbrough et al., 1961) . We have encountered within the past 10 years one case proven by autopsy and two in which we have made the diagnosis clinically.
The risks of surgical treatment in our patients with congenital aortic stenosis seem closely to parallel the experience of others in predominantly adult patients. Harken et al. (1958) in a series of 100 adult patients with aortic stenosis operated upon by a trans-aortic procedure note a mortality of 16 per cent. Abelman and Ellis (1959) reporting on the same material note a clinical improvement rate of 74 per cent, 6 months to 4 years after operation. Other investigators cite similar experiences (Morrow et al., 1958; Baker and Somerville, 1959; Kirklin and-Mankin, 1960; Gilbert et al., 1960) . Brock (1959) reporting the operative results in 16 cases of discrete congenital aortic subvalvar stenosis, notes that 3 patients died from the operation and states: "Almost without exception the stenotic element-was severe and-in several was very severe. Our experience does not support the comments sometimes made that subvalvar stenosis is often a mild lesion. In fact, it appears that it is a more severe lesion than congenital aortic valvar stenosis." Our own experience in 11 cases of subvalvar stenosis has been similar, and we also have been impressed by the severity of the disease at the time of operation. However, more striking has been the failure or extreme tardiness of the electrocardiogram to revert towards normal post-operatively even though the gradient is known in some patients to have been completely relieved.
Attempting to explain the poor electrocardiographic response to surgery in the subvalvar group, we have tried unsuccessfully to correlate the post-operative electrocardiogram with the length of cardiopulmonary bypass and with the length of potassium citrate cardioplegia. The subvalvar and valvar groups have been comparable in their average age at operation and in the duration of electrocardiogram changes pre-operatively. The subvalvar group had slightly worse electrocardiograms at the time of operation but the difference was not marked.
CONCLUSIONS
The prognosis of children who have had correction of aortic valvar stenosis seems good as judged by clinical, radiologic, electrocardiographic, and post-operative catheterization data. In cases of subvalvar stenosis the prognosis does not seem so favourable, particularly with respect to reversion of the electrocardiogram towards normal. We have encountered no case of subvalvar stenosis where the obstruction was mild, and we would suggest that where the diagnosis can be made, operation should be undertaken as early as possible, before electrocardiographic deterioration takes place. SUMMARY Forty-two patients with congenital aortic stenosis operated upon by cardiopulmonary bypass are reviewed. Two-thirds of the uncomplicated cases had valvar and one-third subvalvar stenosis.
There were 6 operative deaths, all but one in young infants or patients with complex lesions. Among the survivors symptomatic improvement was uniform. Improvement in the electrocardiogram was noted in most of the patients with valvar but only in one of the patients with subvalvar stenosis.
Post-operative catheterization in 13 patients showed significant improvement in 8. The lack of correlation between hemodynamic and electrocardiographic improvement in the subvalvar group is stressed.
Indications for left heart catheterization and surgery in patients with a clinical diagnosis of aortic stenosis are outlined.
